The precast concrete industry generates waste called concrete sludge during routine mixer tank washing. It is highly alkaline and hazardous, and typically disposed of by landfilling. This study examined the stabilization of municipal sewage sludge using concrete sludge as an alkaline agent. Sewage sludge was amended with 10 to 40% of concrete sludge by wet weight, and 10 and 20% of lime by dry weight of the sludge mix. Mixes containing 30 and 40% of concrete sludge with 20% lime fulfilled the primary requirements of Category 1 and 2 (Canada) biosolids of maintaining a pH of 12 for at least 72 hours. The heavy metals were below Category 1 regulatory limits. The 40% concrete sludge mix was incubated at 52 o C for 12 of the 72 hours to achieve the Category 1 and 2 regulations of less than 1000 fecal coliform/g solids. The nutrient content of the biosolids was 8.2, 10 and 0.6 g/kg of nitrogen, phosphorus and potassium respectively. It can be used as a top soil or augmented with potassium for use as fertilizer. The study demonstrates that concrete sludge waste can be beneficially reused to produce biosolids, providing a long-term sustainable waste management solution for the concrete industry.
INTRODUCTION
The precast concrete industry worldwide generates large volumes of a highly alkaline waste during the washing of the mixer tank. The watery waste is usually allowed to settle in settling tanks, and the settled slurry or sludge formed is typically disposed of untreated by dumping on land (Sealy et al., 2001) . In a land dump with no protective measures such as impervious lining, the alkaline waste can contribute to polluted surface runoff, or leach through the soil causing sub surface contamination. Land disposal is an unsustainable practice, with problems of reduced dumping site availability coupled with increasing costs associated with handling, transportation and tipping fees. In this study the beneficial reuse of precast concrete industry sludge, hereafter called 'concrete sludge', is examined. The aim is to make use of the highly alkaline nature of the concrete sludge as an alkaline agent to stabilize municipal sewage sludge and produce useful biosolids that satisfy Canadian regulatory guidelines.
Sewage sludge stabilization is a treatment intended to destroy pathogens (disease causing organisms), immobilize heavy metals, reduce vector attraction and odors, and bring the sludge to a manageable form (USEPA, 2000) . The treated sludge, or 'biosolids', may qualify to be used as agricultural lime, topsoil, or fertilizer with nutrient value (Logan, 1999) . Alkaline treatment by means of using an alkaline agent, with or without heat, is one of the many stabilization processes used to treat municipal sludge. A typical alkaline stabilization agent is used solely or in combination with other alkaline agents to raise the pH of sewage sludge to above 12 for 72 hours (NRC and FCM, 2005; USEPA, 2003) . Production of heat is an added benefit in pathogen reduction achieved by some alkaline agents like quicklime.
The use of various alkaline agents to stabilize municipal sludge has been reported in literature. Cement kiln and lime kiln dusts (Welacky, 1991; Burnham, 1991; Dinel et al, 2000) , coal fly ash (Wong, et al, 2001) , and other coal combustion by-products like pulverized fuel ash are used frequently (Kriesel, et al, 1994; Poon and Boost, 1996; Logan, 1999) as alkaline agents. The proportioning of alkaline agents amended to sewage sludge is reported in literature to be up to about 20% by dry weight of quicklime (CaO) and up to 40% by weight of other alkaline agents such as fly ash or cement kiln dust. This is partly due to the need to maintain and not diminish the nutritive value of the biosolids, most of which comes from the sewage sludge in the mix (SanchezMonedero, 2004; USEPA, 2000) . The sludge from a concrete mixer tank wash water operation is similar to a low level lime in terms of available calcium oxide contents, with pH values typically higher then 11 (Pistilli, et al., 1975) . However no studies on the use of concrete sludge as an alkaline stabilizing agent were found in available literature. The current study attempted to harness the highly alkaline property of the concrete sludge in raising the pH of sewage sludge and stabilizing it by reducing its microbial content and immobilizing heavy metals, as required by Canadian regulations or guidelines (MOE and MAFRA, 1996; NRC, 2003) .
The scope of this study was as follows:
• Characterize the concrete sludge to determine its suitability as an alkaline stabilizing agent
• Determine mix proportions of concrete sludge, sewage sludge and additional alkaline agents (if needed) that would satisfy alkaline stabilization conditions as per Canadian regulations
• Analyze the selected mixes after stabilization for heavy metal content and compare with regulations
• Examine the time trend of fecal coliform reduction, as an indicator of pathogen reduction, in the selected mixes
• Analyze the nutrient value of the product obtained after stabilization as a measure of its value and potential for marketability
Regulations
In Canada, the application of biosolids (treated sewage sludge) and other wastes to agricultural land must conform to the Ministry of Environment's (MOE) Environmental Protection Act (EPA). The province of Ontario follows the EPA Regulation 347 for heavy metals limits of all land-applied biosolids, listed in the regulation guidelines (MOE and MAFRA, 1996) . A Canadian best practice guide, 'Quality Management for Biosolids Program', (NRC and FCM, 2005) categorizes biosolids into three types: Category 1, Category 2 and Category 3 which correspond to the Exceptional Quality (EQ), Class A and Class B biosolids of the United States Environmental Protection Agency (USEPA). The guide provides biosolids management options and refers to USEPA criteria for sewage sludge treatment techniques, heavy metal limits and pathogen limits.
The accepted methods of stabilizing municipal sewage sludge to produce Category 1 and 2 biosolids are composting, in vessel windrow, heat drying, heat treatment, thermophilic aerobic digestion, pasteurization, heat and high pH and other processes that meet specific time-temperature relationships while Category 3 biosolids may be produced from sewage sludge that is treated by aerobic digestion, anaerobic digestion, composting, lime stabilization or air drying (NRC and FCM, 2005 and USEPA, 2003) . The USEPA Code of Federal Regulation (CFR) -40, Part 503 also allows for equivalent treatment processes to be considered as stabilization techniques, subject to approval by regulating authority. The Canadian best practice guide to biosolids management also notes that other unknown processes, which show equivalency in stabilization results, may be potential treatment methods.
Category 1 biosolids have unrestricted use as bagged products for sale to the public, nurseries, sod farms, golf course, fertilizer, etc. while Category 2 biosolids have semi-restricted use such as being blended with other material for bagged fertilizer, use at nurseries, golf courses, agriculture, land reclamation, as a fuel source, etc. and Category 3 biosolids are subject to restricted use such as agricultural land application for certain crops, land fill cover and co-disposal, land reclamation, etc. (NRC and FCM, 2005) .
The pathogen reduction level requirements for the various categories of biosolids are shown in Table 1 and the maximum allowable heavy metal levels are listed in Table 2 . 
METHODS
Concrete sludge produced from mixer tank washing at a precast concrete industry, dewatered sewage sludge from a municipal wastewater treatment plant, and analytical grade anhydrous quicklime (from VWR Canlab, Canada) were the materials used in this study. The concrete sludge was characterized for solids, pH, available lime index (ALI) and calcium carbonate equivalent (CCE) and the sewage sludge was characterized for solids and pH. Sewage sludge was amended with 10, 20, 30 and 40% by wet weight of concrete sludge. Quicklime was added to the mixes as 10 and 20% by dry weight of the concrete sludge-sewage sludge mix. A screening test was then carried out to see which mix proportions of concrete sludge, sewage sludge and quicklime produced a pH of greater than 12 for at least 72 hours, which is the primary requirement for pathogen reduction (USEPA, 2003) in Category 1 and 2 biosolids. The pH of the various mixes was monitored at 0, 30, 60 and 72 hours. The mix proportion that fulfilled the pH requirement was chosen for further experiments involving elevated temperatures. The selected mix was heated to 52 0 C for 12 hours using a dry type incubator and maintained at an ambient temperature of 25 0 C for the remaining 60 hours. The final product was analyzed for solids, heavy metals and fecal coliform content, and assessed for nutritive value. The analytical tests and methods followed are shown in Table 3 . All experiments were carried out in triplicate.
Table 3. Analytical Tests and Methods Followed in Study

RESULTS AND DISCUSSION
The results are discussed in this order: characterization, pH screening test, alkaline stabilization experiment, and analyses of heavy metals, fecal coliform and nutrients in the biosolids.
Characterization
Characterization results are reported with standard deviation after a plus/minus (±) sign. The total solids content of the concrete sludge and sewage sludge were measured to be 36.5±1.2% and 22.9±1.9% respectively. The pH values of the concrete and sewage sludges were measured to be 11.6±0.4 and 6.5±0.1 respectively. Stabilization of the sewage sludge with concrete sludge alone would therefore not result in a pH of more than 12; hence the addition of another alkaline agent to increase the pH was needed. Quicklime was chosen due to its known properties of raising heat and pH upon amendment to sewage sludge (Poon and Boost, 1998; Jimenez-Cisneros et al., 2001) . The CCE and ALI analyses were compared with standards or values from other studies to assess the potential of concrete sludge as an alkaline stabilizing agent. The CCE value of the concrete sludge was estimated to be 20.2±0.86%, which lies between the CCE values of 6% and 45% for Class F and Class C fly ash, reported by Clark, et al. (2001) . The concrete sludge CCE value is also ten times higher than the value reported by Wong et al. (2001) for coal fly ash, which the authors proved to be an effective alkaline stabilizing agent. The ALI of concrete sludge provides an estimate of its liming capacity and was measured to be 6.86±1.4%, which is close to the upper limit of 8% for Class F fly ash as per the Canadian Standards Association (A23.5). The ALI of concrete sludge is nearly two-thirds of that for cement kiln dust (10.23%) and one third of that for lime kiln dust (18.99%) which were successfully used as alkaline agents for sewage sludge stabilization by Welacky (1991) .
Screening Test Results
The pH levels of the eight mixes (containing varying proportions of concrete sludge, sewage sludge and quicklime) were monitored at 0, 30, 60 and 72 hours. At the 0 th hour, mixes containing a minimum of 30% by wet weight of concrete sludge attained an initial average pH of 12. At 72 hours only two mixes, each containing 20% dry weight CaO and either 30% or 40% of concrete sludge, were able to maintain an average pH value of 12±0.1 to 12.1±0.1 (numbers after the ± sign are standard deviation values). These mixes were called Mix 1 and 2 respectively. Mix 1 contains 30% + 70% of concrete sludge + sewage sludge by wet weight, with 20% by dry weight quicklime added to the sludges mix. Mix 2 contains 40% + 60% of concrete sludge + sewage sludge by wet weight, with 20% by dry weight quicklime added to the sludges mix.
Alkaline Stabilization
The Mixes 1 and 2 selected from the pH screening test were subject to an elevated temperature of 52 0 C for 12 hours and maintained at an ambient temperature of 25 0 C for the remaining 60 hours. Since the heat produced upon addition of alkaline agents was insignificant, an external heat source was used. At the end of the threeday stabilization process, the solids in the stabilized biosolids were estimated to be 55±4.2% (numbers after the ± sign are standard deviation values). The air-drying step required to produce solids of greater than 50% as per USEPA (2003) was hence omitted.
Biosolids Analysis
Heavy Metal Content
The heavy metals in the stabilized sewage sludge mixes were analyzed and are shown in Table 4 . All heavy metals are within regulatory requirements for Category 1, 2 and 3 biosolids. Heavy metal values are reported with standard deviation after the plus/minus (±) sign.
Table 4. Heavy Metals Analysis Results
Fecal Coliform Reduction
During the alkaline stabilization treatment at elevated temperature and pH, Mix 2 (with higher amount of concrete sludge) was further monitored for fecal coliform reduction with time and the results are presented in Figure 1 . presents fecal coliform pathogen reduction with time. About a 98% decrease in fecal coliform count was observed immediately upon mixing the sewage sludge with concrete sludge and quicklime. A 1-and then 2-log reduction in fecal coliform was observed at 4 and 12 hours respectively. The first 12 hours of stabilization was carried out at an elevated temperature of 52 0 C and the Mix 2 maintained an average pH of 12.10 for 8 hours. Thereafter the pH was an average of 12. A complete fecal coliform inactivation occurred between 16 and 20 hours. Hence the mix conforms to Category 1, 2 and 3 criteria. The fecal coliform decay observed in this study is similar to that observed by Wong, et al. (2001) . In their study, sewage sludge was amended with 10% fly ash by wet weight, to which 8% CaO was further added on a dry weight basis and a zero count of total coliform was observed after 18 hours of stabilization time.
Figure 1 Fecal Coliform Destruction in Biosolids Mix
Nutritive Value of Biosolids The plant nutrient elements of nitrogen (N) as Total Kjeldahl Nitrogen, phosphorus (P) as orthophosphates, potassium (K), calcium (Ca), magnesium (Mg) and sodium (Na) of the Mix 2 biosolids (40% concrete sludge, 60% sewage sludge and 20% by dry weight of quicklime) are shown in Table 5 . The nutrient value compares with those reported for sewage sludge stabilized by other alkaline agents except for potassium and calcium contents, which are lower. Nutrient values are reported as gram per kilogram (g/kg) with standard deviation values after the ± sign. The biosolids produced in this study may be used as soil conditioner or top soil or augmented with potassium for use as a fertilizer. 
CONCLUSIONS
From the current study using concrete sludge as an alkaline agent to stabilize sewage sludge, the following conclusions are drawn:
• To maintain a pH 12 or more for 72 hours, sewage sludge is amended with at least 30% by wet weight concrete sludge and 20% by dry weight of quicklime
• Sewage sludge amended with at least 30% by wet weight concrete sludge and 20% by dry weight of quicklime conforms to heavy metal criteria for Category 1, 2 and 3 biosolids
• Reduction in fecal coliform depends on pH, contact time and duration of treatment
• Nearly 98% reduction in fecal coliform occurred upon initial mixing while complete destruction of fecal coliform was achieved in 16 to 20 hours, conforming to pathogen reduction criteria for Category 1, 2 and 3 biosolids
• The final biosolids product contains plant nutrients most of which are comparable to those reported in other studies
• The biosolids qualifies for unrestricted use and potential uses are soil conditioner, top soil or fertilizer but may need to be augmented with potassium Thus this study demonstrates the beneficial reuse of a precast concrete sludge in the stabilization of sewage sludge, providing a sustainable waste management option to the precast concrete industry.
